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1 . Foreword 

This is a report of research and teaching directed toward the 
development of a new mathematics curriculum whose presentation 
depends fundamenta'l'ly on the use of computers and programming. 

The work was centered mainly on a mathematics teaching experiment 
with seventh grade children utilizing a programming language, 
LOGO, specifically designed for the teaching of mathematics. 

We also conducted an investigation of the use of LOGO in teach- 
ing much younger children — a group of second and third graders. 

After a brief exposition of the LOGO language, the two teaching 
activities are described in some detail, including many examples 
of the classroom and laboratory materials used. The report 
begins with a discussion of the reasons why the learning and 
teaching of mathematics are so difficult, and states the under- 
lying Issues that have dictated the kind of approach undertaken 
here. Following the descriptive material on the teaching experi- 
ments is a discussion of the results including some evaluations 
of the year’s work and of the project. A detailed description 
of the LOGO programming language and system is appended. 

The seventh grade class was taught by Mrs. Marjorie Bloom from 
September 1968 through December 1968, and jointly by Miss Cynthia 
Solomon and Dr, Seymour Papert from January 1969 through June 
1969 . Dr. Papert, Professor of Applied Mathematics at Massachu- 
setts Institute of Technology, was a consultant to Bolt Beranek 
and Newman on this project. During the latter period, Mrs. Bloom 
taught the group of second and third grade children. 

We did not begin the teaching with a large body of previously 
developed classroom materials. These had to be created 
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concurrently with the teaching as the courses progressed. The 
dynamic aspects of this day-to-day work helped assure that the 
content and presentation were adapted to the current needs of 
the children and were responsive to their difficulties, some of 
which we had not anticipated. The dedication, resources, and 
hard work shown by Mrs. Bloom, Miss Solomon, and Dr. Papert in 
responding to these challenges were exceptional. 

The original research leading to the design of LOGO was supported 
by the U. S. Office of Naval Research. Dr. Papert, Dr. Daniel G. 
Bobrow, and Wallace Peurzeig designed the original version of 
the language. LOGO was first implemented by Dr. Bobrow and in 
an extended version by Richard Grant and Prank Prazier. The 
work of programming and maintaining the LOGO system for use in 
this project was initiated by Mr. Charles R. Morgan, now 
Chairman of the Department of Mathematics, Gordon College, Wenham, 
Mass., and was continued by Mr. Grant who also contributed to 
the design of the system as it evolved through'* ...e year. 

Mr. Peurzeig coordinated the research design and implementation. 
The philosophical and pedagogical point of view adapted for the 
project was largely due to Dr. Papert. Miss Solomon contributed 
to the development and use of the language. 

The work of installing and maintaining the computer terminals 
in the schools was done by Mr. Paul Wexelblat. Mr. Wexelblat 
and Mr. Grant were co-teachers of the computer club, an 
auxiliary activity at the junior high school. 
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The Muzzey Junior High School administration, particularly 
Mr. Santo Marino, Principal, and Mr. David Terry, Assistant 
Principal, were especially cooperative in providing a congenial 
classroom site for the project. Similarly, the Emerson School, 
particularly Mr. Donald Welch, Principal, provided a cordial base 
for the elementary teaching investigation. 

This report was prepared by Mr. Peurzeig. Mr. Grant contributed 
to the writing and editing. Mrs. Frieda Ployer provided valuable 
critical review. Formatting, drawing, and final typing were done 
by Miss Pearl Stockwell. 

2. The Research Problem 

There is an old saying among mathematicians that there is no 
known theorem which cannot be made transparently clear to a high 
school student of average intelligence in a reasonable period of 
time (hours or months, not lifetimes). Yet few high school 
students acquire an understanding of even the simplest theorems 
and, for most students, the formal methods of mathematics remain 
forever mysterious, artificial, poorly motivated, and very 
obscurely related to intuitive thinking. 

The relation of school children to mathematics remains deeply 
puzzling after more than a decade of wide-scale experiment in 
the classroom and in the cognitive laboratory. The extent of 
the puzzle is often obscured by popular prejudices about mathe- 
matics and about children. For if one asks: "why cannot every 

child learn algebra in a week?" the answer is likely to be 
influenced by glib thoughts like "math is difficult" and 
"no one learns that fast." But the question is a serious one 
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and requires us to ask: v/herein is mathematics difficult? What 

rational analysis convinces us there is that much to learn? Some 
things can be learned in ten minutes; why do children need so 
very long to understand equations or the manipulation of negative 
numbers? 

Failure to obtain quick learning in classrooms is not in itself 
an indication of the quantity or difficulty of what has to be 
learned. It can be an indication that the teaching method is 
inadequate. In fact, the guiding thought of the following pages 
is the conjecture that current teaching does not even attempt to 
identify and teach those skills, concepts, and facts most needed 
by the child. This applies as much, sometimes more so, to most 
of the trends called ”New Math” as to really traditional mathe- 
matics teaching. 

To emphasize the sharpness of the position developed below, the 
following analogy may be useful. Most schools teach singing in 
a way that shows the Grant phenomenon: children are given the 

instruction ’’sing!” - those who can, do, those who cannot, become 
listeners. An observer watching the class over the whole year 
would see a great deal of teaching: the children who know how 
to sing learn new songs, new tunes, even new techniques of sing- 
ing. But, all this teaching presupposes that the really 
important learning has taken place elsewhere » 

Does this picture apply to our mathematics teaching? Do we give 
children the instruction ’’think!” without even telling them how 
to think. Does it all consist of teacning delightful mathemati- 
cal songs to those who are lucky enough to have picked up the 
skill of mathematical thinking? 
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These questions open a theoretical dispute about which very sharp 
views are held. Can one tell children how to think? Some people 
believe very strongly that one certainly cannot. Indeed that one 
cannot even tell them how to do arithmetic. For example, 

R. Davis,* one of the most serious Innovators of active and 
creative kinds of mathematical activity for children, says: 

There is another reason for using "discovery”: in point 

of fact you usually cannot "tell" the student what to do. 

You and he do not share a sufficiently precise meta- 
language. 

Insofar as he is describing the status quo, Davis is certainly 
right. Occupants of present-day mathematics classrooms do indeed 
lack a ’’sufficiently precise meta-language". Students are 
accustomed to using language and logic in the context of a 
sympathetic listener who makes reasonable interpretations of 
their statements, and is tolerant of the gaps in their arguments. 
The formal mode of thinking Imposed in the mathematics class 
seems arbitrary and unreasonable to them. 

The low degree of mathematical articulation - amongst teachers 
as much as children - is at least partly the result of the 
following factors: 

(a) The complete absence of a standard teachable terminology 
to discuss the heuristic aspects of mathematical activity con- 
cerned with the art of solving problems. In fact, these aspects 
(as opposed to formal ones) are scarcely recognized by official 
mathematics as worthy of study and teaching.! 

^Davls, Robert B., The Madison Project *s Approach to a Theory of 
Instruction, Journal of Research in Science Teaching, Vol. II, 
pp. 146-162, 1964. 

tPor further elaboration of this concept see the well-known works 
of Polya. See also Minsky, M. L., Semantic Information Process^ 
ing , M.I.T. Press, 1969. 
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(b) In particular the relation of formal detail to global plan- 
ning in working a problem is not clearly made in any standard 
treatment of elementary mathematics. Formal rigor is seldom 
properly understood by teachers as a v/orking tool (rather than a 
fund of intellectual ritual). 

(c) The traditional curriculum content is poor in that it seldom 
provides many examples of the same phenomenon. As a result, 
children are not familiar from experience with such basic process- 
es as generalizing a method, extending the domain of an operation, 
and so on. 

(d) As a consequence of the previous point, the possibilities of 
"discovery” are greatly impoverished - the child who did not make, 
but did understand, any particular discovery has little chance of 
using his understanding to try his hand at a related problem. 

Indeed, we might summarize all these points by saying that school 
children have been deprived of the opportunity of actually doing 
mathematics in any sense even thinly related to the working 
activity of mathematicians. Thus, it is not surprising that 
chi.ldren resist, that they seldom carry over their training in 
formal manipulation into less formal situations, and that they 
so often slip back into loose and uncontrolled thinking when 
faced with problems such as "word problems" in algebra that do 
not have obvious mechanical solutions. 

To remedy, or even to study, this situation, one would like to 
find areas of mathematical work in which students would impose 
the need for precise articulation on themiselves. We believe that 
such areas can be created by appropriate instruction in the use ■ 
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of computer? and programming languages. The purpose of this 
research has been to investigate the teaching of mathematics in 
terms. of a "sufficiently precise meta-language,” the programming 
language LOGO, and to explore means of using it as the foundation 
and framework for a mathematics curriculum. 

2.1 The Contribution of LOGO 

Appropriate teaching with a suitable programming language can 
contribute to mathematics education in several ways. 

(1) Programming facilitates the acquisition of rigorous thinking 
and expression. Children impose the need for precise statement 
on themselves through attempting to make the computer understand 
and perform their algorithms. 

(2) Programming can be used to give students very speoifio in- 

sights into a number of key concepts. Ideas such as variable 
and function remain, to say the least, obscure for many high 
school students. Indeed, college students often have trouble 
with the many roles of the "x" in algebra: sometimes it appears 

to be a number, sometimes a subtly different kind of object 
called a variable , and on other occasions it is to be treated as 
a funoiion. We contend that the difficulty stems less from the 
intrinsic Intellectual subtlety or complexity of these distinc- 
tions than from their ethereal relation to anything in the real 
and familiar world. Moreover, it is possible to fumble one’s 
way through an algebra course without ever facing these issues 
squarely. In programming, the distinctions arise concretely; 
they must be faced; and the physical nature of the machine pro- 
vides a more earthy reference than can any abstract work. These 
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ideas should be easier in this context and our experience is 
that they are. 

(3) Programming provides highly motivated models for all the 
principal heuristic concepts, for example: 

It lends itself perfectly to discussion of the relation of 
formal procedures to intuitive understanding of problems. 

It provides a wealth of examples for heuristic precepts such 
as "formulate a plan", "separate the difficulties", "find a 
related problem", etc. Thus, it provides a natural context 
to concretize the approach to teaching associated with the 
name of George Polya. 

It provides a sense of completely formal methods and what 
their purpose is. It gives the child a chance to learn to 
distinguish situations where complete formal rigor is 
necessary from those where looser thinking is appropriate. 

In particular, it provides models for the contrast between 
the global planning of. an attack on a problem and the formal 
detail of an elaborated solution. In the context of program- 
ming, the concept of sub-problem or sub-goal emerges crisply. 
It is at least highly plausible that pupils who have acquired 
very early the habit of organizing their approach to a mathe- 
matical problem will be better able to develop systematic 
habits of thought in the more murky areas of problem-solving 
they will have to meet later, in school and elsewhere. 

The concrete form of the program and the interactive aspect 
of the machine allow "debugging" of errors to be identified 
as a definite, constructive, and plannable activity. The 
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programming concept of a ’’bug" as a definite , concrete , 
existent entity to be hunted, caught, and tamed or killed 
is a valuable heuristic idea. 

(4) By enlarging the scope of applications, it allows every 
problem to be embedded in a large population of related problems 
of all degrees of difficulty, for example: 

Through programming, mathematical induction can be presented 
and generalized by its relation to recursion. An example of 
this kind of presentation is shown in Section 2.2. The 
examples given in Section 4.3 show how we have learned to 
present recursion itself as related to the general heuristics 
of planning. 

The extension of an operation to a larger domain becom.es an 
everyday activity. The newer mathematics texts do emphasize 
the extension of addition, for example, to successively more 
general kinds of numbers (integers rationals reals). 

But the phenomenon is obscured for children by its isolation 
and by the fact that children already know how to add real 
numbers . 

Generalizing this, generalization becomes an activity under- 
taken routinely by the children. 

Functions become familiar things one invents oneself to 
serve real purposes. We have seen children invent as many 
new functions in a week as they would otherwise learn (by 
rote!) in their whole career. More importantly, they use 
these functions as building blocks for constructing more 
complex functions which often are elements of still larger 
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constructs — very much in the way mathem.aticians use propo- 
sitions to prove theorems and use these theorems to prove 
more complex theorems. 

(5) The use of computers and programming languages is also 

relevant to what is perhaps the most difficult aspect of mathe- 
matics for a teacher: helping the student strive for self- 

consciousness and literacy about the pvocess of solvtug pvobZems . 
High school students can seldom say anything about how they 
worked towards the solution of a problem. They lack the habit 

of discussing such things and they lack the language necessary 
to do so. A programming language provides a vocabulary and a 
set of experiences for discussing mathematical concepts and 
problems. Programs are more discussable than traditional mathe- 
matical activities: one can talk about their structure, one can 

talk about their development, their relation to one another, and 
to the original problem.. 

(6) A related point is that the computer can be used as a 
mathematical laboratory to foster an experim.ental approach toward 
solving problems. Pr ogram.m.ing could, in principle, be taught as 
an abstract mathematical topic without using or, indeed, even 
mentioning computers. Presented in that spirit, the material 
would retain some of the pedagogical virtues that motivate our 
interest in it. But an essential aspect w’’ould be lost. The use 
of a computer has the major merit of turning a programming lan- 
guage into an active instrument to control an outside reality. 

The most immediate effect of using a com.puter is that explicit 
and precise statement is no longer imposed by the arbitrary edict 
of a teacher but by the obvious necessities of making the computer 
do one's bidding. Since students learn to write program.s by 
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experience and experiment, it is appropriate to use the term 
mathematical laboratory for the practical phases of the instruc- 
tion. 

The reason that a laboratory is not traditionally used in mathe- 
matical study is not that it would be less valuable there than 
in biology, chemistry, or physics; rather, the idea of a mathe- 
matical experiment was, until recently, unrealizable, and barely 
conceivable, except in very special or superficial senses. How 
could a person set in motion a sequence of mathematical events 
or a mathematical process, and then see its effects unfold? 

Using a computer with an appropriate programming language adds 
this extra dimension to mathematical experience; the important 
contribution of the computer is a new and powerful operational 
universe for mathematical experiments. 

( 7 ) Finally, the richness of non-numerical examples open to 
programming can be exploited to enlarge the cultural base of the 
mathematics course by bringing it into contact with physical and 
biological science, language study, geography, economics, and 
other subjects. 

Thus, our interest is not to teach programming as an auxiliary 
topic, but to explore means of using it as a foundation for an 
integrated course in mathematics. This concept of programming 
is distinct from the already familiar and valuable ones of teach 
ing computer programming as a practical skill in its own right 
or for use in special courses in numerical applications, applied 
mathematics, computational methods, and the like. 
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In almost all educational uses of programming languages to date, 
the particular languages employed were not originally designed 
for teaching. Most of the languages used, including FORTRAN, 

APL, and JOSS (which has many dialects such as TELCOMP, CAL, and 
PILL), v^ere originally designed for computational applications 
in mathematics, science, and engineering. Some of these were 
subsequently modified, usually in minor ways, to adapt them for 
use in teaching. A few languages, notably BASIC, were designed 
for teaching programming as a skill, and for providing students 
with expe.-rience in its use as a "problem-solving" tool. Educa- 
tionally beneficial applications of many kinds have been made 
through such use of these languages. 

We now present the considerations that led us to create the 
programming language LOGO. The introduction of yet another 
language clearly deserves critical examination, particularly 
since several existing languages appear to be suitable for teach- 
ing mathematics. The JOSS languages, for example, have been 
described as exceptionally well-suited for use in mathematical 
work; it has been pointed out that "all that one needs to know 
to start writing JOSS programs, almost instantly with very little 
preparation, is algebra." That observation is well-taken but it 
points up the problem: most students leave school without having 

teamed algebra — it is precisely for the purpose of teaching 
mathematics, rather than assuming that children already know it, 
that we want to use a programming language. (We do not want to 
tell them "Sing!" before we teach them how.) 

It might reasonably be argued that this difficulty is only 
apparent and that existing languages could be used to teach 
arithmetic and algebra. Indeed, starting with this objective 
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and the requisite point of view, one could consider using JOSS 
or BASIC as a foundation and framework for mathematics. But it 
would not be easy — these languages were not designed to teach 
the most elementary (and often the most difficult) concepts and 
skills, and constructive methods of extending them. 

For these purposes, existing languages usually have too much 
mathematical machinery built in: to use JOSS and most of the 

others normally requires a knowledge of decimal notation and 
scientific representation (floating point numbers, exponential 
numbers) and some familiarity with the use of arithmetic expres- 
sions. At the same time, most of these languages are not well- 
suited for expressing formal or non-numerlcal procedures. 

These, however, are negative considerations. More to the point 
are the positive reasons which motivated us. Earlier experiences 
with the use of programming in elementary and secondary mathe- 
matics teaching convinced us of the need for a language, i.e., 
LOGO, with the following characteristics. 

(1) It should be accessible to young children and others 
who have not acquired the elements of mathematical thinking. 
The only prerequisites for using it should be an acquaint- 
ance with the counting numbers and the ability to read at 
about second-grade level. 

(2) It should be transparently direct, natural-seeming, and 
easy to use for expressing procedures for simple tasks like 
many non-numerlcal problems already familiar to children. 

To meet these two requirements, the language should be without 
difficult technical features like those found in traditional 
programming languages (e.g., loops, counters, array declarations, 
multiple mode arithmetic, etc.). 
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( 3 ) It should be org^anized to facilitate the extension and 
generalization of simple mathematical algorithms to more 
advanced and powerful ones. P’’or example , the most primitive 
numerical operations in LOGO are centered on integer arithme- 
tic and can only be used for counting or for adding and sub- 
tracting integers. But students can write LOGO procedures 
for expanding these arithmetic operations into mathematically 
rich and advanced algorithms in arithmetic , algebra, and 
higher mathematics with appropriate ease. 

( 4 ) The structure of the language should embody mathemiatically 
important concepts and foster the development of a constructive 
point of view about mathematical work. 

Solving a mathematical problem is a process of construction. The 
activity of programming a computer is uniquely well suited to 
transmitting this idea. The image we would like to convey could, 
roughly speaking, be described thus: A solution to a problem is 

to be built according to a preconceived, but modifiable, p^an, 
out of parts which might also be used in building other solutions 
to the same or other problems. A partial, or incorrect, solution 
is a useful object; it can be extended or fixed, and then incor- 
porated into a large structure. This image is mirrored in the 
activity of writing LOGO programs. Using procedures as building 
blocks for other procedures is standard and natural in LOGO pro- 
gramming. The use of functionally separable and nameable proce- 
dures composed of functionally separable and nameable parts, 
coupled with the use of recursion, makes the development of 
constructive mathematical methods meaningful and teachable. 

Students construct LOGO procedures from the very beginning, as 
they are introduced to the language. They start v/ith non-numerical 
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procedures with which they are all familiar. Good examples are 
translating English into Pig Latin, making and breaking secret 
codes (e.g., substitution ciphers), a variety of word games 
(finding words contained in words, writing words backwards, etc.), 
question-answering and guessing games (Twenty Questions, 

Buzz, etc.). There are many problems of this sort which chil- 
dren already know and like. The student thinks at first that he 
understands such problems perfectly because, with a little prod- 
ding, he can give a loose verbal description of his procedure. 

But he finds it difficult to make this description precise and 
general partly for lack of formal habits and partly for lack of 
a suitably expressive language. The initial value of using LOGO 
becomes apparent when the student attempts to make the computer 
perform his procedure. At this point the process of transforming 
loose verbal descriptions into precise formal ones becomes possible 
and, in this context, seems natural and enjoyable to children. 

An understanding, or even a clear appreciation, of these points 
is impossible without a brief introduction to the LOGO language. 

The presentation that follows is not a complete description of 
LOGO. Its purpose is merely to give a sense of the spirit and 
structure of LOGO programming. Some pedagogically important 
operations and commands are not even included here, for example, 
the REQUEST operation which makes possible the writing of inter- 
active procedures. These are introduced in the body of the 
report along with the features of the LOGO system having to do 
with editing, correcting program errors, and filing programs for 
subsequent retrieval. A comprehensive description of the LOGO 
language and system is included as an appendix to the report. 
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2.2 Introduction to the LOGO Language 

LOGO is a language for expressing formal procedures. LOGO pro- 
cedures are written along lines similar to recipes in cooking. 

A procedure, like a recipe to bake a cake, has a name; it usually 
has ingredients, maybe several, but maybe none (these are called 
its Inputs); and it has a sequence of Instructions telling how 
to operate upon its Inputs (and upon the things made from them 
along the way) to produce the desired effect or to make a new 
thing (this is called its output). 

To illustrate, we define a procedure for doubling a number. We 
begin by choosing a word for the name of the procedure - let’s 
choose the word DOUBLE in this case. Next we choose names for 
the Inputs - in this case there is a single input, which we’ll 
call NUMBER. So, the title of the procedure is 
TO DOUBLE /NUMBER/ 

(like to boll an egg). Note the slash marks around NUMBER — 
slashes are used to demarcate names of things ; names for proce- 
dures like DOUBLE and for already-built-ln LOGO instructions are 
written without any marks around them. 

When we give LOGO the command DOUBLE 5 we want the teletype to 
respond 10; when we say DOUBLE 9999 we want the response 19998. 
So now we proscribe the Instructions for performing this. One 
instruction suffices: 

PRINT SUM OP /NUMBER/ AND /NUMBER/. 

This Instruction is composed of two elementary (l.e., originally 
built-in) Instructions — PRINT and SUM. 

PRINT is a command which needs one input (this can be any LOGO 
thing - a number or some other alphanumeric word or a sentence 
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comprising several words). Its effect is to cause the teletype 
to print its input. Thus, PRINT 752 causes the teletype to print 
752; PRINT "GOOD MORNING" causes the teletype to print GOOD 
MORNING. (Quotation marks are used to indicate LOGO things that 
stand for themselves. Since integers always stand for themselves 
in LOGO, they do not need to be quoted.) 

SUM is an operation which needs two inputs (these must be 
integers). Its output is their sum. Thus, SUM OP 3 AND 2 has 
the output 5 . The LOGO instruction: 

PRINT SUM OP 3 AND 2 

causes the teletype to print the LOGO thing which is the output 
of SUM OP 3 AND 2, i.e. , 5. 

The entire procedure definition is; 

TO DOUBLE /NUMBER/ 

1 PRINT SUM OP /NUMBER/ AND /NUMBER/ 

END 

where the integer 1 is used to label the instruction line (in 
this case there is only one line, but procedures often have 
several lines of instructions), and END marks the end of the 
definition. When this completed definition is typed in, LOGO 
acknowledges by responding: DOUBLE DEPINED. Prom that point on, 

the procedure DOUBLE can be used as if it had always been part of 
LOGO, just like PRINT and SUM. The new procedure is used by 
typing; 

DOUBLE 2 

The machine responds with the answer 

4 

DOUBLE 4 



(We underscore the 
student’s or teacher’s 
typing in these and the 
following examples to 
distinguish them from 
LOGO’S responses.) 



8 



Report No. I 889 



Bolt Beranek and Newmarl Inc. 






Of course, rather than write a procedure for something as simple 
as DOUBLE, we can accomplish the same thing merely by writing: 
PRINT SUM OF 2 AND 2 or 
PRINT SUM OF 4 AND 4 , etc. 

Using the procedure requires less writing however, and we might 
want to use it a great deal. 



But, if we want to use it in a compound instruction chain like: 
DOUBLE DOUBLE 4 

where we expect the result to be I 6 , DOUBLE will not work 
properly: it will print 8 and then it will print an error 
message. The difficulty is that DOUBLE, as written, does not 
provide its result as an output to another procedure; it merely 
prints its result out on the teletype. Procedures (and built-in 
instructions) that have an output are called operations to 
distinguish them from c ommands which have no output. We can 
change DOUBLE to a procedure that defines an operation, as 
follows . 

TO DOUBLE /NUMBER 

1 OUTPUT SUM OF /NUMBER/ AND /NUMBER/ 

END 

Here, the elementary command OUTPUT is used in place of PRINT. 

To use this new DOUBLE operation we write, with an external 
PRINT command, 

PRINT DOUBLE OF 2 

4 

PRINT DOUBLE OF 4 

8 

PRINT DOUBLE OF (DOUBLE OF 4) 

16 

etc . 



- 18 - 




Report No. 1889 



Bolt Beranek and Newman Inc. 



The use of parentheses Is optional. In the last example DOUBLE 
OF 4 produces the output 8 for use as the input to the first- 
written DOUBLE, whose output is therefore l6. 

There are a relatively small number of elementary operations and 
commands in LOGO. An operation which is analogous to the opera- 
tion SUM for integers is the operation WORD for alphanumeric words. 
Thus, PRINT WORD OF "SUN" AND "ABC" will cause the LOGO word 
SUNABC to be printed. PRINT WORD OF WORD OF "AB" AND "123" AND 
"GO" will cause the word AB123GO to be printed. A procedure 
defining an operation on words, analogous to DOUBLE on numbers, 
can be written as follows: 

TO DUBBLE /WD/ 

1 OUTPUT WORD OF /WD/ AND /WD/ 

END 

DUBBLE DEFINED (LOGO acknowledges) 

PRINT DUBBLE OF "GO" 

GOGO 

PRINT DUBBLE OF DUBBLE OF "LA" 

LALALALA 
etc . 

Two operations closely related to SUM and WORD are DIFFERENCE 

(or its abbreviation DIFF) and SENTENCE. Their use is illustrated 
by: 

PRINT DIFF OF 3 AND 1 

2 

PRINT DIFF OF 1 AND 3 

-2 

PRINT SENT ENCE OF "SUN" AND "STARS" 

SUN STARS 



- 19 - 



o 



Report No. I889 



Bolt Beranek and Newman Inc. 



PRINT SENTENCE OF "THIS IS” AND ''GOOD" 

THIS IS GOOD 

The operations SUM and WORD are used to put things together. 

There also are LOGO operations of the opposite kind, for extract- 
ing components of things. Four such operations FIRST, LAST, 
BUTFIRST, and BUTLAST work as follows: 

PRINT FIRST OF ’’BOX" 



B 

PRINT 


LAST OF 


"BOX" 


X 






PRINT 


BUTFIRST 


OF "BOX" 


OX 






PRINT 


BUTLAST 


OF "BOX" 



BO 

PRINT BUTFIRST OF *^I LIKE YOU" 

LIKE YOU 

PRINT BUTLAST OF ”I LIKE YOU*' 

I LIKE 

PRINT BUTFIRST OF BUTLAST OF ”ABCD” 

BC 

Note that BUTFIRST means all but the first letter of the word 
(or word of a sentence) and BUTLAST means all but the last letter 
(or word), and that these are operations, thus they can be 
chained together. 

Some elementary LOGO operations have no inputs. Examples are 
CLOCK and RANDOM. The use of these is illustrated by: 

PRINT CLOCK 

123 

PRINT CLOCK 

125 
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Here we see that 123 seconds had elapsed between the time the 
student started working and the time that the first of the two 
PRINT commands was performed, and that 2 seconds more elapsed 
before the second PRINT was performed. 

PRINT RANDOM 

7 

PRINT RANDOM 

4 

RANDOM has as its output a single digit number chosen 

randomly from a uniform distribution. To make a two digit 
random number we write: 

PRINT WORD OF RANDOM AND RANDOM 

36 

Two basic acts in procedures are making new LOGO things and 
testing them to see whether they satisfy some condition, such as 
a stop rule. To tell LOGO that we want to make a new LOGO thing, 
we type the command MAKE. LOGO responds by asking us first for 
the name we want to give the new thing and then for the thing we 
want to make, i.e., for a LOGO expression for the new thing. 

Thus, if we want to make a sentence named "GOODIES" out of some 
words for foods we like, we can write: 

MAKE 

NAME : "GOODIES" 

THING: " APPLES BUNS CAKES PIES" 

If we then type 

PRINT THING OF "GOODIES". LOGO responds 
APPLES BUNS CAKES PIES 

(If we had typed instead PRINT "GOODIES" , LOGO would have 
responded GOODIES.) 






- 21 - 



Report No. I 889 



Bolt Beranek and Newman Inc. 



A shorthand way of writing THING OF (to indicate that we mean 
the thing being named rather than the name) is by using slashes 
instead of quotation marks. Thus, 

PRINT /GOODIES/ 

means the same as PRINT THING OP "GOODIES" and so produces the 
same response, 

APPLES BUNS CAKES PIES. Similarly, 

PRINT FIRST OF BUTFIRST OF /GOODIES/ 

causes LOGO to print 

BUNS. 

To test whether or not a LOGO thing satisfies a specified condition, 
we introduce the concept of predicate , i.e. , an operation whose 
possible outputs are "TRUE" and "FALSE". The identity operation 
IS is one of the elementary LOGO predicates. IS takes two inputs 
and has the output "TRUE", if these inputs are the same, and the 
output "FALSE", if they are different. Thus, 

PRINT IS 2 SUM OF 1 AND 1 
TRUE 

PRINT IS 2 1 
FALSE 

Other elementary predicates include GREATERP , NUMBERP, and WORDP . 
PRINT GREATERP OF 2 AND 1 

true (because 2 is greater than 1) 

PRINT GREATERP OF 1 AND 2 

false (because 1 is not greater than 2) 

PRINT NUMBERP OF "ONE" 

false (because "ONE" is not a number) 

PRINT NUMBERP OF 1 

true (because 1 is a number) 
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PRINT WORD? OF ”ONE” 

(because "ONE" is a word) 

PRINT WORDP OF "THIS WORD" 

FALSE (because "THIS WORD" is a sentence, not a word) 

The command TEST, along with its associated commands IF TRUE and 
IF FALSE, is used with a predicate as in the following examples. 

TEST IS 2 2 

IF TRUE PRINT "GOOD" 

causes the machine to print GOOD. On the other hand, when the 

instructions 

TEST IS 2 2 

IF FALSE PRINT "BAD" 

are performed, nothing will be printed. 

The use of the commands MAKE and TEST is illustrated in the 
following procedures for printing random numbers. 

TO NUMBER 
1 PRINT RANDOM 
END 



This procedure is used by typing: 

NUMBER 

The machine responds with a number 

8 

NUMBER 

5 

etc . 

The repetitive act of typing NUMBER is easily mechanized by 
writing a new procedure to do just this, i.e.. 
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TO SPEW 

1 NUMBER 

2 SPEW 
END 



We have incorporated into SPEW the instruction to perform another 
procedure, NUMBER, and then the instruction to SPEW, i.e., to do 
the same again. So when we type SPEW, we obtain an endless 
sequence of numbers: 

SPEW 

7 

3 

0 

9 



As well as using another procedure, NUMBER, SPEW also uses itself 
— it is a simple example of a recursively defined procedure. 

To modify SPEW so as to produce a definite number of random 
digits, we introduce a new actor on the problem scene: the 

number of times we still have to SPEW. We name this actor 
’’TIMES” and write: 

TO SPEW /TIMES/ 

1 TEST IS /TIMES/ 0 

2 IF TRUE STOP 

3 PRINT RANDOM 
^ MAKE 

NAME : ’’NEWTIMES” 

THING : DIFFERENCE OF /TIMES/ AND 1 

3 SPEW /NEWTIMES/ 

END 
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The use of this new SPEW procedure is illustrated by: 

SPEW 4 
0 
3 

7 
9 

SPEW 4 
2 

8 
1 
7 



A similar non-numerical recursive procedure, TRIANGLE, was 
invented by a child. It is defined as follows: 



TO TRIANGLE /WORD/ 

1 TEST IS /WORD/ /EMPTY/ 

2 IF TRUE STOP 

3 PRINT /WORD/ 

4 MAKE 



(/EMPTY/_ denotes the empty thing 
in LOGO,' i.e., the word with no 
letters ) 



NAME : "NEWWORD** 

THING : BUTFIRST OF /WORD/ 

5 TRIANGLE /NEWWORD/ 

END 



To use TRIANGLE we w.’ite - 

TRIANGLE » CIRCLE" 

CIRCLE 

IRCLE 

RCLE 

CLE 

LE 
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The factorial function is an illustration of a deeper recursive 
procedure closely related to the principle of "mathematical 
induction" . The definition of the factorial function is 
FACTORIAL(l) = 1 

FACTORIAL(N) = N X FACTORIAL (N-1 ) , N > 1 

In LOGO we write - 

TO FACTORIAL /N/ 

1 TEST IS /N/ 1 

2 IF TRUE OUTPUT 1 

3 MAKE "N-1" DIFF OF /N/ AND 1 

^ OUTPUT PRODUCT OF /N/ AND FACTORIAL OF /N~l/ 

END 



To use FACTORIAL we write - 

PRINT FACTORIAL OF 7 

5040 

Note in the above procedure the use of a PRODUCT operation for 
integer multiplication and the use of the two-input form of the 
MAKE command. 

A similar non-numerical procedure for reversing the order of the 
letters in a word (i.e., writing it backwards) is: 

TO REVERSE /WORD/ 

1 TEST IS COUNT OF /WORD/ 1 

2 IF TRUE OUTPUT /WORD/ 

3 MAKE "NEWVJORD" BUTLAST OF /WORD/ 

4 OUTPUT WORD OF LAST OF /WORD/ AND REVERSE OF /NEWVJORD/ 

END 
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To use REVERSE we write - 

PRINT REVERSE OF "ELEPHANT” 

TNAHPELE 

PRINT REVERSE OF FACTORIAL OF 7 

0^05 

Note in the above procedure the use of the COUNT operation - 
COUNT of a word (sentence) is the number of letters (words) in 
the word (sentence). Note also that the name /WORD/ is as 
distinct from the operation WORD as it is from the literal word 
"WORD". 



In LOGO the principle of mathematical induction is embedded in a 
more general class of recursive principles. These can be system- 
atically Investigated in a range of cases of increasing difficulty 
starting from the trivial recursion in the earlier SPEW procedure, 
proceeding to simple recursions like that in TRIANGLE through 
deeper examples as in FACTORIAL and REVERSE, and then beyond. 

The study of recursive procedures can provide a valuable approach 

to understanding the formal ideas underlying mathematical reason- 
ing. 

Experience in writing LOGO procedures is equally valuable in 
teaching the heuristic aspects of mathematical work. Such 
experience is fostered by projects that Involve writing several 
procedures to function together as a single program. This kind 
of activity was an Important part of the seventh grade classroom 
work during the year. Several examples of such projects are 
shown and discussed in Part ^.3. 
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Some changes were made in the nomenclature of LOGO at the end of 
the school year for pedagogic and mathematical reasons. Thus, 

In the programs encountered In the body of the report, the reader 
should note that RETURN Is a synonym for OUTPUT, and CALL Is a 
synonym for MAKE (here the order of the Inputs for "NAME" and 
"TPIING" Is reversed). Further, TEST was not used. Predicates 
(e.g., IS) stood alone and IF YES, IF NO were used In place of 
IF TRUE, IF FALSE. 

2.3 The Project 

This project concerns the use of LOGO as a framework for teaching 
mathematics. Specifically, our study explored that Idea In the 
following ways. 

( 1 ) Students . We deliberately chose to work with a small 
class of ^'average'' seventh-grade students. (Ten of the 
students were In the middle mathematics track of the school's 
five-track system. The other two had a slightly higher 
placement.) We chose a small class to facilitate more In- 
tensive study of Individual children and to permit sufficient 
amount of Individual student use of computer time (there were 
six computer terminals In one classroom). The school, Muzzey 
Junior High School In Lexington, Mass., was chosen mainly 
because of the relatively long class period - a full hour 
session, four days a week - which gave us some extra freedom 
In scheduling the students' tlm.e betv/een classroom discussion 
and laboratory V 70 rk at the terminals. 
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( 2 ) Subj ect . Our goal was to give the students an introduc- 
tion to high school algebra, which they normally would not 
have studied before ninth grade. (We managed to get a good 
start on this despite having to take more time than we 
anticipated in teaching LOGO itself.) 

( 3 ) Presentation . The mathematical material in the course 
was introduced and developed wholly and entirely in terms of 
LOGO programs. (This Included the classroom teaching of all 
the arithmetic and algebra, not just material assigned for 
working out at the computer terminals.) 

The major object of this work, the exploratory development of a 
new curriculum, was to test the feasibility of the underlying 
ideas about content and presentation by putting them in tangible 
form and trying them out in the classroom. The main activity was 
the junior high school teaching experiment. During the last half 
of the school year we expanded the effort by starting up a 
parallel activity — teaching LOGO to a small group of second- 
and third-grade students. Because the work with elementary 
school children Introduces LOGO with particular ease, we present 
it first. 
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3. Elementary Teaching Investigation 

The purpose of this part of the work was to gain an understanding 
of the problems of teaching formal skills to very young children. 
An appropriate foundation for learning formal ways of thinking 
at an early age could have a profound impact on subsequent 
intellectual development. We thought it plausible that LOGO 
could be taught to second- or third-grade children as a starting 
point . 

Taken at face value, Piaget, and most other serious students of 
developmental psychology, must be read as casting important doubts 
on the feasibility (or even the advisability) of teaching LOGO to 
children of age eight or nine. Our confidence that such an exper- 
iment was worth pursuing was based on a careful consideration of 
the real content of Piaget’s thesis and on the nature of its 
experimental validation. The two major points are the following: 

( 1 ) No serious controlled attempts have been made to teach 
what Piaget would call "formal thinking" at much earlier ages 
than it naturally develops. Indeed, we would argue that 
programming provides a uniquely powerful tool for this and so, 
by its very nature, invalidates any negative conclusions 
drawn from previous experim.ents . 

and 

( 2 ) The apparent difficulties suggested by the psychologists 
(and, indeed, by common knoivledge of children) apply unequally 
to different aspects of learning to program. Thus there is 
nothing in Piaget’s writing to suggest that a seven-year-old 
child should have the slightest difficulty dealing with 
programs such as 
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TO MUMBLE /JUMBLE/ 

1 PRINT /JUMBLE/ 

2 MUMBLE /JUMBLE/ 

END 

They do suggest that children of this age should find it very 
hard to debug the kind of program with a branching structure 
which makes it necessary to hold in mind a number of possible 
outcomes or to carry out "hypothetico-deductive" experiments 
to formulate a theory of what is wrong. 

These two points together urge the quest for an area of program- 
ming in which one can find suitable problems to provide a moti- 
vated learning foundation for small children without going beyond 
the more "elementary" program forms. Once such a foundation is 
established, it will become possible to probe the true difficul- 
ties that face teaching formal skills to small children. 

As a first step in this preliminary study, our goal was to 
determine whether or not some very young children could learn 
the elements of LOGO programming. 

3.1 Overview 

This work was conducted at the Emerson Elementary School in 
Newton, Massachusetts. We installed a single computer terminal 
there at the end of January 1969. The school chose the children 
who were to participate in the study. These comprised, for the 
most part, mathematically "average" children whose ages ranged 
from seven through nine, though there were some "underachievers" 
and one of the children was mathematically "brighter than 
average" . 
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The children were taught by Mrs. Marjorie Bloom who had previous- 
ly taught the elements of LOGO to the class of junior high school 
students. Mrs. Bloom is a professional teacher. She had virtu- 
ally no previous experience with computers and programming prior 
to joining the project in July 1968. 

The teaching of LOGO was done largely through a series of program- 
med lessons of a relatively open-ended sort. These were written 
by Mrs. Bloom in the LOGO language itself. They were used by 
each of the children in an interactive, conversational mode. 

The kind of presentation used with the junior high school 
students, classroom teaching with associated individual work at 
the terminals, was not feasible here because of constraints on 
the childrens’ time and schedule and the limitations posed from 
having only one computer terminal available. We were, however, 
interested in seeing that a presentation along these lines, 
properly monitored by a teacher, and augmented by some work in 
writing programs at the terminal, was feasible. 

A narrative discussion of the work as documented in the teacher’s 
daily log, and samples showing the childrens’ use of all the 
teaching materials, follow in the next parts of the report. These 
give a good idea of what happened, i.e., of the childrens’ progres 
and problems. Our main conclusions were as follows. 

(1) Children of second and third grade level learn the 
elements of LOGO programming with ease. 

(2) Most children at this level cannot, during such a short 
interval, learn to write or debug programs as complex as 
REVERSE (as in Part 2.2 above). Only one child was able. 
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within the four-month period, to deal freely with programs 
more complex than MUMBLE. 

( 3 ) Children of this age do acquire a meaningful understand- 
ing of concepts like variable, function, and formal procedure 
(though not those words) through their experience with LOGO. 

( 4 ) The children showed educational benefits of . an extra- 
mathematical kind as side effects of the teaching. The most 
evident one was a striking improvement in reading rate for 
most children during this period. They acquired a technical 
vocabulary and learned to follow relatively sophisticated 
verbal instructions. 



The remainder of this section includes the narrative description 
from the class log, transcripts of student runs of each of the 
series of programmed lessons, the LOGO teaching programs for a 
pair of typical lessons, and transcripts illustrating the games 
played by the children at the terminal from time to time 
throughout the course. 



Report No. I 889 



Bolt Beranek and Newman Inc. 



3.2 The Children's Work 

- excerpts from the daily log 

Work with children at the Emerson School began January 29 3 
1969 . Mrs. Bloom started with twelve children — second, 
third, and fourth graders — divided into four small classes. 
Because of snowstorms and a school holiday week, resulting 
in only five days of school in the first month, the group 
was reduced to two second graders and six third graders. 

Five of these children had individual instruction at the 
terminal for about 20 minutes a session, and three children 
worked together as a group, also for 20 minutes. The chil- 
dren had four sessions a week for eleven weeks from the 
first week of March to the end of May. In addition to the 
regular group of eight, an emotionally disturbed third 
grader participated for twelve 20-minute periods. From 
May 29 through June 13s instruction continued with only four 
children to see what additional progress might be made if 
they were given a little more time at the terminal. The 
maximum amount of instruction time for any child was about 
fifteen hours over the entire period. 

We began each group with the HI procedure, a programmed greeting. 

It did not seem to bcther anyone that the procedure typed out 
identical responses ”.o each child. Some children typed in funny 
answers deliberately, such as RUTHANNEDUM for name and 500 for age. 
4-HI 

HI, THERE! 

WHAT'S YOUR NAME? 

•''RUTHANNEDUM (child's typed-in response) 

HOW DO YOU DO, RUTHANNEDUM! 

HOW OLD ARE YOU? 

”500 (child's typed-in response) 

MY, YOU LOOK VERY GROWN UP FOR ONLY 500 YEARS OLD! 

I HOPE YOU WILL HAVE A VERY GOOD TIME WITH ME, AND THAT 
YOU WILL TRY A LOT OF FUN THINGS! 

GOODBYE FOR NOW, RUTHANNEDUM! 
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The entire group was delighted and hysterical at the machine’s 
answers. In two of the classes we went on to modify the HI 
procedure. The second graders added I LIKE YOU to the responses. 
The third graders wrote in YOU ARE VERY GOOD-LOOKING. 

The next day, the two second graders started off playing the game 
FOUR-IN-A-ROW at the computer terminal. Mary Jaye lost her game, 
but Steven played to a draw. He seems to feel that this is tanta- 
mount to winning. Then, using an outline (on cardboard) and 
stickers, each child made his own copy of the teletype keyboard. 

I showed the two classes comprising the oldest children (and 
Karen Coffey from the previous class, who didn’t want to leave) 
the operation of two procedures, LAUGH and KEEPLAUGHING. 



-‘-LAUGH 

HAHA 

-‘-KEEPLAUGHING 

HAHA 

HAHA 

HAHA 

HAHA 

HAHA 

HAHA 



• • 



• • 



They were fascinated with KEEPLAUGHING although initially they 
showed some concern about how to make it stop. I teased them 
briefly before showing them the break key. Once they knew they 
could stop it whenever they wished, they were delighted to let it 
run on and on and were busy measuring the lengths of the paper 
which were printed out from each run. Since they enjoyed these 
two procedures so much, I encouraged them to write a CRY and a 
KEEPCRYING. Following the models of LAUGH and KEEPLAUGHING - 
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TO LAUGH 
10 PRINT "HAHA" 

END 

TO KEEPLAUGHING 
10 PRINT "HAHA" 

20 KEEPLAUGHING 
END 

they wrote the following two procedures, 
TO CRY 

10 PRINT "BOOHOO" 

END 

TO KEEPCRYING 
10 PRINT "BOOHOO" 

20 KEEPCRYING 
END 

and tried them out. 

-<-CRY 

BOOHOO 

-^-KEEPCRYING 

BOOHOO 

BOOHOO 

BOOHOO 



The next day, after the success with CRY with the two older 
groups, I decided to try it with the second graders and the first 
class of third graders. They seemed to enjoy it just as much and 
they were equally successful with it. On Thursday I suggested a 
problem; write a procedure which will type something over and 
over again down the page. Each of the girls wrote a procedure 
which typed her first name down the page, and then Shawn wrote 
one which typed SHAWN MICHAEL DALEY down the page. The only 
difficulty Shawn had was spelling Michael. 



I 
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Rosemarie brought in two procedures — a KEEPROSEMARIEING and a 
KEEPMASTERMINDING . (She and Joan have decided to name the 
computer MASTER MIND.) 

9, ■'KSfi 










^0 

6 



' ■"> K 

'O 



'Mc^shr m 

rr I 

ptaCf 







(^c£t/ncir',(i/ 

KUU 



•er|c 
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V 



We typed them in and tried them. 



^10 KEEPROSEMARIEING 
>1 PRINT "ROSEMARIE" 

>2 KEEPROSEMARIEING 
>END 

KEEPROSEMARIEING DEFINED 

-^KEEPROSEMARIEING 

ROSEMARIE 

ROSEMARIE 

ROSEMARIE 

ROSEMARIE 



-t-TO KEEPMASTERMINDING 
>4 PRINT "MASTERMIND" 

>6 KEEPMASTERMINDING 
>END 

KEEPMASTERMINDING DEFINED 

-^KEEPMASTERMINDING 

MASTERMIND 

MASTERMIND 

MASTERMIND 

MASTERMIND 

• • 

• • 

• • 



I introduced the operation of naming to the last class by example 
without prior discussion. I simply typed in 
CALL 

thing: "dog" 

name: "snoopy" 

and then we tried PRINT "SNOOPY", PRINT THING OF "SNOOPY", and 
PRINT /SNOOPY/. 



On V/ednesday, February 5 , a second-grader, Steven, played two 
games of FOUR-IN-A-ROW as did Mary Jaye and Neil. While they 
were playing, Steven wrote a PRINTSTEVEN which printed the 
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letters and N one under another. He wrote the proce- 

dure by himself. The only difficulty he had was in forgetting to 
demarcate the letters with quotation marks. Then he wanted to 
get his program to keep typing these letters down the page. 

In the other classes I demonstrated and explained the operation 
COUNT for words and the children figured out what COUNT does for 
sentences. We went on to SUM and DIFFERENCE and they experi- 
mented with lots of numbers, checking the computer’s accuracy. 

Rosemarie taught the computer a simple poem. The procedure name 
was the title of the poem, and the instructions were to print 
the whole poem. 

Because of snow emergencies and February vacation, class did not 
meet again until March 6. We continued with eight children - five 
working individually and three as a group. 

(From this point, the children’s daily work included short inter- 
active computer-administered lessons. Typescripts from the first 
three lessons - TEACHPRINT, TEACHVJORD, and TEACHSEN - are 
reproduced next to illustrate the early material and its use. 

The children’s typing is unierscored in these typescripts. 

The entire set of lessons is reproduced later on.) 
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•LBSSONl 



IN ThLS LESSUN THE^E AF<E SONE LINES TO j?EAU. THE COMPUTEk TYPES VEkY 
HAST. IT ''‘ILL ATOP EVERY SO OFTEN SO THAT YOU '/;ILL HAVE TIME TO READ. 
WEN YOU >aANT it TO GO 0N> PRESS THE RETURN KEY. 

THIS MARK '? M'EANS THAT THE COMPUTER HAS MOKE TO TELL YOU. PRESS THE 
iETiJR’N KEY vHEN YOU ARE READY T(3 KEAO IT. 

THE COMPUTER UNDERSTANDS SOME S^^ECIAL COMMANDS. THE FIkST ONE WE '/ILL 
'lALK A Hour IS -- PRINT. 

LET'S TELL THE COMPUTER T'.' RRINT A V-ORD. I WILL TYPE THE COMMAND. YO'J 
P R E S S THE RETURN K £ Y HE N I AM F I N I S HE D . 



PRINT "CABBAGE" 

CABBAGE 

NOU LET'S TELL THE COM'^MTEk TO PRINT A SENTENCE. YQ!J PRESS THE KET'iRN 
KEY THIS TIME TOO. 

PRINT "DO YOU LIKE THE n£ATLES?" 

DO YOU LIKE THE BEATLES? 

NOTICE THAT THERE '/ERE •'•JuTATION (" ") MARKS ABOUND THE EXACT WORDS THE 
COMPUTER vAS ASKED TO PRINT. 9 

NOW TRY TO MAKE THE CUM.PMTEFV PRINT SOME OF YOUR OWN THINGS. 0 

DON'T WORRY A-^OUr MAKING MISTAKES! WF. ALL DO IT! THE COMPUTER '/ILL TF?Y 
Tu HELP YOU BY EXPLAINING '/HAT WENT WRONG. © 

HAVE FUN! 



-LESSONP 

REMEMBER -- THE MARK © MEANS THAT I AM WAITING FU^ YOU TO PRESS THE 
R ETUkN key. @ 

AFTER YOU LEARN TO USE LOGO> YOU WILL BE ABLE TO TEACH THE COMPUTER TO 
II) NEW THINGS. 0 

YOU WILL TEACH THE COMPUTER TO DO SOMETHING NEW BY WRITING A PROCEDURE. 
0 
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A PF<OCEDU/?E IS LIKE A RECIPE* 
IN IT TO MAKE SOMETHING, 



IT HAS ALL THE 



I N G K E U I E N'l A M ' ) • ) F r- E C F 1 0 



A FEb' PROCEDURES ARE ALREADY PUILT INTO LOGO. LE GILL TALK ABOUT rK-'>E 
EEFORE GE TALK ABOUT PROCEDURES THAT YOU GILL GRITE* 



THE PROCEO'JkE WE GILL LEARN ABOUT IN THIS LESSON IS CALLED -- VU-D* 
LET'S SEE WHAT IT DOES* @ 



TYPE THESE WORDS -- PRINT WORD OF "JP" AND "DOWN" 

SPRINT WORD OF "UP" AND "DOWN" 

UPDOWN 



HERE IS ANOTHER EXAMPLE OF WHAT -- WORD -- DOES. 

TYPE THIS; PRINT WORD OF "TREE" AND "TOP" 

♦PRINT WORD OF "TREE" AND "TOP" 

TREE TOP 



NOv. LET'S SEE HOW GOOD A COMPUTER YOU WOULD BE. p 

'/HEN t'UU SEE THE ARROW> TYPE -- PkACTICE* 

-PRACTICE 

PRETEND YOU ARE THE COMPUTER. I WILL TYPE AN INSTRUCTION. YOU TYPE IN 
THE ANSWER THE COMPUTER l-OULD GIVE. 



PRINT 


WORD 


OF 


"LA" AND "LA" 




♦ LA LA 
GREAT! 


LET 


'S 


GO ON TO THE NEXT 


ONE. (i 


PRINT 


WORD 


OF 


"123" AND "/V 




♦ 1 P3/4 
HR A 00 ! 


i)N 


TO 


THE NEXT ONE! 




P- INT 


WORD 


OF 


"BE" AND "AkD" 




k i ) 










COO ) F 


O'. YO 1. 


HERE'S THE FOUhTH ONE* 


P»- INT 


GOR D 


OF 


"GOOD-" AND "BYE 


1 1 


♦ GOO (- 


r ^ m”' 








- IGHT 


YS)‘) 


b*. 


. ONE MURE TO GO* 


li 


PRI:\*:* 


VOkD 


OF 


"E" AND VORO OF 


"N" AND "D" 



♦EN'« 

RIGHT YOU AkE> and THAT IS THE END OF THIA LESSON. ? 
SO LONG NOG. 
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-LESSONS 



ANOTHER BUILT-IN LOGO PROCEDURE IS: SENTENCE. @ 

TYPE THESE VORDS -- PRINT SENTENCE OF ’’GIRLS” AND ’’LAUGH” 

SPRINT SENTENCE OF "GIRLS” AND "LAUGH" 

GIRLS LAUGH 

AS YOU SEE> SENTENCE PUTS TWO LOGO THINGS TOGETHER WITH A SPACE 
F3ET V EEN • 

WHAT DO YOU THINK THE COMPUTER WOULD DO WITH THE NEXT INSTRUCTION? TYPE 
IM JUST THE ANSWER THE COMPUTER WOULD GIVE. @ 

PRINT SENTENCE OF "BOYS” AND "PLAY” 

♦BOYS PLAY 
GOOD FOR; YOU. 

HERE IS ANOTHER ONE. WHAT WOULD YOU REPLY? 

PRINT SENTENCE OF ”I LIKE" AND ”ICE CREAM" 

♦I LIKE ICE CREAM 
RIGHT YOU ARE. 

THE PROCEDURE -- SENTENCE -- WILL PUT TOGETHER ONLY TWO LOGO THINGS AT 
A T IME . G 

LOOK AT WHAT YOU MUST DO TO HAVE THE COMPUTER PUT TOGETHER THREE 
THINGS. @ 



TYPE THIS: PRINT 

* PRINT SENTENCE OF 
I LIKE CANDY 



^EMTENCE OF ”1" AND SENTENCE OF "LIKE" 
"I" AND SENTENCE OF "LIKE" A.x’D "CANDY" 



AND 



"CANDY” 



NO I' TRY TO MAKE SOME 



SENTENCES OF YOUR OWN> 



WHEN YOU SEE THE ARROl- . 



MARCH 6 - The lesson was TEACHPRINT. The first thing I learned 
was that even with delays written into the procedure the typeout 
is too fast for these youngsters. I need to rewrite these proce- 
dures using a stop of some kind so that the youngsters can read 
at their own pace and then use the return key when they are ready 
for more reading material.* Greg finished TEACHPRINT and went on 
to TEACHWORD. 



*A11 the lesson materials shown here and in the next section 
have incorporated this change. 
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Jay worked out the print instruction after a few false starts. 

He had trouble remembering matching quotation marks. 

Ruth Anne, Shawn, and Julie played three games of THIRTY-ONE. 

None of them seemed to realize he could win. 

MARCH 7 - All youngsters worked on TEACHWORD. Most of them had 
no difficulty with the change in directions which allowed them 
to control the rate at which information was presented. Karen 
kept asking "What shall I do now?" but this seemed to be more 
for support than from a real need for help. When I told her my 
lips were sealed, she went right over to strike the carriage 
return key for more information. 

Although the operation WORD presented the children with no 
problem, my instructions definitely did. The children had 
trouble reading the word ’procedure’ and they certainly did not 
understand what I was trying to say. An oral explanation seemed 
to clarify the issue. 

The second and third graders have difficulty executing the 
instruction: "TYPE THE FOLLOWING:". 

MARCH 10 - Steven worked his way through TEACHPRINT and TEACHWORD 
I left him alone for a few minutes. He tried to type in some 
commands in unanticipated places. I am not sure how he inter- 
preted the directions — evidently he saw the stop points as 
invitations to type. 

When Mary Jaye arrived I gave her a problem in which she had to 
use WORD. She wrote out the instruction at the blackboard, and 
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then proceeded to write two or three more^ Finally, I asked her 
to think about how to get three letters or parts of words together 
as one word. She and Steven both pondered this problem for a few 
minutes . 

Then we worked it out in two parts. First we talked about WORD 
OF "C" AND "A". There was no doubt in their minds that this 
would produce CA. Then - they also knew that WORD OF "CA" AND "T" 
would produce CAT. Finally we substituted. WORD OF AND "A" 

is another name for CA. If we put this in place of "CA”, we get 
PRINT WORD OF WORD OF "C" AND "A" AND "T". It worked. 

-SPRINT WORD OF "C” AND "A” 

CA 

-SPRINT WORD OF "CA” AND "T" 

CAT 

-SPRINT WORD OF WORD OF "C" AND "A" AND "T" 

CAT 



The other youngsters worked on TEACHSEN, a lesson for teaching 
the LOGO operation SENTENCE. 

MARCH 12 - Jay began TEACHFIRLAS. I had asked him to type PRINT 
FIRST OF "SHE SELLS SEA SHELLS." He typed it in perfectly (we 
thought) but got an error comment. I typed it in and got an 
error comment too. I listed the procedure but could find nothing 
wrong with it. We went back and reexamined our work and sure 
enough, both of us had forgotten the period. 

TYPE THESE WORDS AND LOOK VERY CAREFULLY AT THE COMPUTER'S 
ANSWER: PRINT FIRST OF "SHE SELLS SEA SHELLS." 

"PRINT FIRST OF "SHE SELLS SEA SHELLS" 

TRY AGAIN PLEASE. THAT DOESN'T SEEM TO BE RIGHT. 
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There is a problem with writing clear directions. The youngsters 
have difficulty deciding when they are to type in an instruction 
and when they are simply to type in the result obtained from 
performing the instruction. 

The LOGO lessons are very much alike, and perhaps a little 
monotonous, certainly not very creative or original. Yet, they 
do accomplish their intended purpose. The children are learning 
to understand the elementary LOGO operations, they seem to be 
happy with this kind of instruction, and I have learned a great 
deal about clarity of presentation and about learning difficulties. 

MARCH l4 - All the children understand and freely use the opera- 
tions FIRST, LAST, BUTPIRST, and BUTLAST. However, WORD and 
SENTENCE seem less easy for them perhaps because of the need for 
two inputs. Also, the children confuse a word in LOGO with the 
LOGO combining operation WORD. 

MARCH 24 - The children worked on decoding the message in the 
LESSON MESSAGE with success and apparent pleasure. Everyone 
except Karen guessed the final message at least three lines before 
the end. When I suggested that perhaps we should stop and go on 
to something else, they were insistent that they be allowed to 
finish. 

MARCH 26 - Everyone worked on TEACHCALL. 

There are some difficulties with naming: e.g., (1) It seems 

more natural for children to put the name first, then the thing. 

(2) Children expect to be able to request the name of a thing 
as well as the thing of a name. 
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MARCH 27 - Mary Jaye worked for almost an hour today. We worked 
on CALL, which is difficult. She still likes to look at long 
strings of digits. I suggested that she try to keep her inputs 

short. She agreed with me and then typed out 20 and 30 character 
strings ! 

-«-PRINT BUTLAST OF "ABCDEFGH I JKLMNOP" 

ABCDEFGHI JKLMNO 
-^CALL 

THING: "97865432149777777777777777777777777777777" 

NAME: "KEY" 

-SPRINT /KEY/ 

97865432149777777777777777777777777777777 

Then she played THIRTY-ONE. Mary Jaye apparently cannot have too 
much of this, even though she didn’t win. All her efforts were 
trial and error. It became apparent to her that 24 was a key 
number. She would comment ... "He’s going to win, I think - he 
has 24." Then, however, she would suggest that maybe if she tried 
a different input when he had 24 she could still win. She also 
tried a couple of illegal inputs when she could not win with legal 
ones. Just to see what would happen. 

Greg tackled CALL with considerable authority and confidence. 

The CALLPRACTICE exercises generally worked better than the 
TEACHCALL lesson material proper. The children seemed to learn 
the effect of CALL by comparing different inputs and outputs. 



When they make up their own names, the children have trouble 
remambering to use quotation marks (as I did when I was laarning). 

The children know that P stands for PRINT. I find, however, that 
they still type the whole word rather than the abbreviation. 
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MARCH 31 - Mary Jaye typed out the procedure INTRODUCE for me 
(I told her what to write) and watched what happened when we ran 
INTRODUCE using "MARY JAYE SIMMS" for /NAME/. We then worked on 
another procedure which she named TALK. She wrote a few 
Instructions . 



-^TO TALK 

>20 PRINT "121212121” 

>30 PRINT "23234534544444444444" 
>40 PRINT "TALK" 

>50 PRINT "SANTA CLAUS" 

>END 

TALK DEFINED 

Then I suggested testing It. 

■^TALK 

121212121 

23234534544444444444 

TALK 

SANTA CLAUS 



She was delighted with It and edited It to add many more Instructions. 



-^EDIT TAK WLK 

>60 PRINT "TOP AND HOP" 

>70 PRINT"LOGO" 

>80 PRINT "ADAM 12" 

>90 PRINT "GOST" 

>100 PRINT "123434343434345555555566666670809010020030" 
" 12121212121212212121212121 " 

"345678' 

"GOOD-BY" 



>200 

>300 

>400 

>END 

TALK 



PRINT 

PRINT 

PRINT 



DEFINED 



(Finally she tested 
pride and joy.) 



^TALK “ ■■■■ 

121212121 
23234534544444444444 

TALK 

SANTA CLAUS 
TOP AND HOP 
LOGO 
ADAM 12 
GOST 

123454343434345555555566666670809010020030 

12121212121212212121212121 

34567890000000000000001000000000000002000000000030000 

GOOD-BY 
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Then we tried some naming again. Her work with long strings gave 
her some difficulty. For the first time I think she saw some 
value in working with brief words or symbols. 



Jay also worked with INTRODUCE. I gave him models and he produced 
some of his own things using my model. In fact, we seemed to 
make so much progress that I threw in a second variable /AGE/. 

He obviously enjoyed using his friends’ and family’s names in 
these procedures. Before he ran each procedure, he would tell 
me just what the procedure was going to print out. 



-«-LIST INTRODUEXCE 

TO INTRODUCE /NAME/ 

10 PRINT /NAME/ 

20 PRINT /DATE/ (/DATE/ and /TIME/ are special LOGO 

30 PRINT /TIME/ names for the current date and time, 

END respectively.) 

-♦-INTRODUCE "JAY” 

JAY 

3/31/1969 
1:27 PM 

-♦-EDIT INTRODUCE 

>40 PRINT SENTENCE OF /NAME/ AND "IS VERY NICE" 

>50 PRINT SENTENCE OF /NAME/ AND "GOES TO EMERSON SCHOOL" 
>END 

INTRODUCE DEFINED 

-♦-LIST INTRODUCE 

TO INTRODUCE /NAME/ 

10 PRINT /NAME/ 

20 PRINT /DATE/ 

30 PRINT /TIME/ 

40 PRINT SENTENCE OF /NAME/ AND "IS VERY NICE" 

50 PRINT SENTENCE OF /NAME/ AND "GOES TO EMERSON SCHOOL" 

END 




Report No. I889 



Bolt Beranek and Newman Inc. 



-^-INTRODUCE "LISA" 

LISA 

3/31/1969 
1:43 PM 

LISA IS VERY NICE 

LISA GOES TO EMERSON SCHOOL 

-<-TO DESCRIBE /NAME/ AND /AGE/ 

>10 PRINT /NAME/ 

>20 PRINT SENTENCE OF /AGE/ AND "YEARS OLD" 

>30 PRINT SENTENCE OF /NAME/ AND "LIVES AT 10 CIRCET AVE" 
>END 

DESCRIBE DEFINED 

^DESCRIBE "LISA" AND "6" 

LISA 

6 YEARS OLD 

LISA LIVES AT 10 CIRCET AVE 



Julie was back today after a considerable absence. Shawn acted 
as teacher and taught Julie about CALL. She caught on quickly. 

APRIL 2 - Today, using TEACH-TKE-COMPUTER, was the first time 
that the children made their own procedures. Mary Jaye, Jay, and 
the group of Ruth, Julie, and Shawn did very well. Greg kept 
asking about each step as if he had never seen any directions. 
Perhaps I should have had him read the directions aloud. This 
seems to help. When he did finally write a procedure of his own, 
it was the only one that was not almost a carbon copy of SPELLCAT 
the one I had written for demonstration. 

Steven did almost two lessons, to make up for his absences. It 
is amazing that he remembered the exact names he had used and 
all the work he had done previously. 

APRIL 3 ” Greg remembered our initial work with procedures which 
kept typing down the page. He really wrote the procedure 
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KEEPSADSACKING by himself - though he looked to me for confirma- 
tion at every step. 

-«-T0 SADSACK 
>10 PRINT "HI" 

>20 PRINT "ZOOM" 

>END 

SADSACK DEFINED 

-<-PRINT "HI ZOOM" (I am not sure what he was thinking here) 
HI ZOOM 

-SPRINT "SADSACK" 

SADSACK 

-<-SADSACK (He finally worked this out) 

HI 

ZOOM 

-«-T0 KEEPSADSACKING 
>10 SADSACK 
>20 KEEPSADSACKING 
>END 

KEEPSADSACKING DEFINED 

-«-KEEPSADSACKING 

HI 

ZOOM 

HI 

ZOOM 

HI 

ZOOM 

HI 

ZOOM 

ZOOM (This printout went on for 4 pages) 



I suggested to Jay that we work out a different kind of procedure. 
I showed him GROW (the printout only, not the program), thinking 
he might try to write a procedure which would do this. 
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-<-GROW 

Z 

zz 

111 

zzzz 

zzzzz 

zzzzzz 

zzzzzzz 

zzzzzzzz 



He ended up with a similar idea, but a significant variation. 
He wrote the procedure GROWSMALL, 



-<-TO 


GROWSMALL 


>10 


PR 


INT 


"EASTER 


>20 


PR 


INT 


"ASTER" 


>30 


PR 


INT 


"STER" 


>40 


PR 


INT 


"TER" 


>50 


PR 


INT 


"ER" 


>60 


PR 


INT 


HR" 



>END 

GROWSMALL DEFINED 



fl 



and then tried it out. 

-J-GROWSMALL 

EASTER 

ASTER 

STER 

TER 

ER 

R 



APRIL 7 - Today was game day. The children could select one game 
of their own choosing. The popular choice was THIRTY-ONE. I 
also taught most of them NIM. By and large they play at random. 
No one has really looked to see how the computer wins each time. 

Greg was annoyed that he could not win at NIM. He was perhaps 
the only one to try to study what the computer did. He finally 
did win a game by emulating the computer but he had several 
false starts before he got there. 



■ er|c 
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APRIL 10 - Today all of the group worked at least for a while on 
some debugging of programs. Greg was eager to go back to the 
SADSACK program he had written. He is delighted with the spewing 
out of line after line of print. 



Jay worked on debugging COUNT-BY-TWO. 

-^LIST COUNT-BY-TWO 

TO COUNT-BY-TWO 
10 PRINT "2" 

20 PRINT ”6" 

30 PRINT "10" 

END 

-<-EDIT COUNT-BY-TWO 
>15 PRINT "4" 

>25 PRINT "8" 

>END 

COUNT-BY-TWO DEFINED 

-<-COUNT-BY-TWO 

2 

4 

6 

8 

10 



APRIL l4 - I have been working with a disturbed third grader who 
was expelled from another school last year in the second grade. 

He knows and uses every four-letter word in the book. The first 
time the computer did not respond as he wished (during a game of 

tic-tac-toe ) , he typed in (not reproduced here). The 

computer responded IS NOT DEFINED. However, since that 

time he has become protective of the terminal. Another youngster, 
traveling through at some time when the room was vacant, left his 
imprint on the paper, a rather mild expletive. My student was 
indignant and proceeded to dispose of the paper quickly. 
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Steven and Mary Jaye both worked on LESSON TEN. Steven needed 
no explanations from me at all until the very end when he needed 
to talk about FIRST OF FIRST OF a sentence. It is a pleasure to 
watch him at work. 

Mary Jaye ran into a few more problems than Steven did but she 
worked her way through them on her own, with great success. Both 
of them guessed the message but both wanted to finish the entire 
set because ”it was fun.” Mary Jaye completed debugging SPELLDONN 
first. Together we analyzed Line 30 and then she wrote Line 20 
in a flash with no help at all. I was astounded. I wonder now 
whether it was a wild guess or whether she really had a flash of 
insight . 

APRIL l6 - Steven had earned his game day on Monday. He enjoyed 
HANGMAN but was annoyed when he was not successful. He started 
a NIM game while I was doing an errand. VJhen I returned I found 
that he was working with an inordinately large number of X’s. I 
suggested that he stop and restart with a more reasonable number 
since time was running out. He restarted with 7 X’s and won 
which delighted him. 

APRIL 28 - Conversation with Steven after he looked at the last 
part of LESSON TWELVE: 

Steven: Doesn’t it know how to DOUBLEFIRST? 

Mrs. B. : No, it doesn’t! 

Steven (with great assurance!): That means I’ll have to teach 

It how! 

After he started to write DOUBLEFIRST, he decided that the title 
needed repairs. I had to show him how to edit this. Then I 
asked him: What are the parts you are going to put together? 

How do you put them together? He wrote the entire procedure by 
himself after these two rhetorical questions. 
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Karen is a puzzle! She seems to understand the syntax of some 
simple programs - but It was apparent that the concept of a 
procedure is still not clear. We went over the printout line by 
line to see where it came from. Then she added lines and told 
me with confidence where they should affect the printout. 

Shawn wrote DOUBLEDOG, Julie wrote DOUBLEHA, and Ruth Anne wrote 
DOUBLERUTH- ANNE . They had no problems. They changed line 
numbers so their procedures would not be carbon copies of each 
other. 

APRIL 30 - Greg wants and needs to be right and is annoyed if he 
makes a mistake. Despite this concern, however, he works very 
fast and often hits the return key before he has checked his 
line to be sure it is correct. 

MAY 1 - Steven wrote several forms of TRIPLE today. He got a 
few complaints from the computer - the error comments were help- 
ful to him. He wrote a procedure PIRSTLAST without help. He 
discovered on his own that he had failed to give the procedure 
an argument and corrected it hlmbelf. 

-^TRIPLE "BOY" 

TRIPLE ISN'T DEFINED. 

-<-TO TRIPLE "BOY" 

YOU NEED / MARKS AROUND EACH ARGUMENT. 

-*-T0 TRIPLE /ANYWORD/ 

>16 PRINT WORD OF WORD OF /ANYWORD/ AND /ANYWORD/ AND /ANYWORD/ 
>END 

TRIPLE DEFINED 

-^-TRIPLE "DIET" 

DIETDIETDIET 
-^-TRIPLE "FOX" 

FOXFOXFOX 
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■f-TO FIRSTLAST 

>10 PRINT WORD OF FIRST OF /ANYWORD/ AND LAST OF /ANYWORD/ 
>EDIT TITLE 

TITLE TO FIRSTLAST /ANYWORD/ (Changes TITLE line) 

>END 

FIRSTLAST DEFINED 

■^-FIRSTLAST »*SAM»» 

SM 



MAY 5 - Jay was working through LESSON THIRTEEN on procedures 
which have one, two, and no inputs. I think he really was 
confused until he gave the computer the instruction, ADDON ’’TREE”. 
When this turned out its own peculiar sentences, he suddenly 
seemed to catch on. 

Today I gave Karen LESSON ELEVEN containing procedures to be 
debugged. She did pretty well. She started off hesitantly but 
was reasonably successful as she went through the lesson. This 
again was a lesson purely between Karen and the computer, and 
all of us were the better for it. 

Greg struggled today - first to remember how to use DOUBLE and 
then to get a DOUBLEPIRST written. He needed a great deal of 
guidance and really could not have written this alone. 

Shawn, Ruth Anne, and Julie looked at DOUBLE and tried it once. 
They then struggled with DOUBLEPIRST. They were so busy giving 
each other directions that I let them struggle. They ended up 
writing DOUBLE again, but only recognized this when they saw the 
output. 

MAY l 4 - We began some review work in preparation for our 
demonstration at the Spring Joint Computer Conference this Priday. 
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Karen was great today. She wrote DOUBLEDOG like a pro. I know 
that she worked from the model, DOUBLECAT, and copied this 
exactly, but this is progress for her. 

Steven did some interesting work with SURPRISE -4 (LESSON FIFTEEN). 
He tried to list the procedure E but it had been made invisible 
to students. Then with considerable persistence he kept trying 
each new output as the next input. His theory was that perhaps 
the scrambling was so ordered that eventually the procedure E 
would return the letters of his name in the proper order. As he 
got to his last try, he said, ’’This is it, one way or another.” 

He got the storybook ending - the letters of his last name 
appeared in proper order. Of the youngsters who tried this 
since, he was the only one to look for a pattern in the 
scrambling . 



MAY 16 - Friday, the children demonstrated their work at live 
terminals for two hours at a special education meeting held as 
part of the A.F.I.P.S. Spring Joint Computer Conference in Boston. 
It was a long, exhausting day — the kids were great and they 
loved every minute! I was concerned that they were going to be 
frightened and pressured by the crowds and the questions. They 
ate it up — they turned out to be big showoffs! 



■^LIST E 



TO E /YOUR LAST NAME/ 



-^E "EPSTEIN” 

NIETEPS 

■^E "NIETEPS" 

SPETNIE 

-^E "SPETNIE" 

EINTSPE 

■<-E "EINTSPE" 

EPSTEIN 



(The procedure E could not be listed. 
It had been rendered invisible.) 
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MAY 19 - LESSON FIFTEEN seems to help the children to focus on 
the number of inputs a procedure needs. On the other hand, all 
the youngsters, except perhaps Steven, had difficulty remembering 
what to do if a procedure required no input. 



MAY 21 - Steven was the first student today and had no problems 
writing TRIPLE on his own. 



TO TPL /ANYNUMBER/ 

10 PRINT SUM OF SUM OF /ANYNUMBER/ AND /ANYNUMBER/ AND /ANYNUMBER/ 
END 

-hTPL "1000" 

3000- 

-HTPL "150" 

450 



Shawn, Ruth Anne, and Julie worked very well together today help- 
ing each other over the hurdles. They got carried away by work- 
ing on the proper number of procedure inputs and forgot to 
specify the procedure they were using. They were able to help 
each other with this. 



Mary Jaye still continues to use the long strings as input. I 
am not sure what appeals to her about these long numbers, but it 
is obvious that she does enjoy them. 



-hMYSTERY-6 "AUGUST" "13" "10" 

MY BIRTHDAY IS AUGUST 13 
I AM 10 YEARS OLD. 

-hMYSTERY-6 "HALLOWEEN" "1234343" "123456789103333300000000" 
MY BIRTHDAY IS HALLOWEEN 1234343 
I AM 123456789103333300000000 YEARS OLD. 
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Karen again appeared to be stumped by the request to write 
DOUBLE. However, when she was left alone, the next thing we 
heard was an "I did it! It worked!" She can do the job when 
there is no one around. 



-«-T0 DOUBLEKAREN 

>10 PRINT WORD OF "KAREN" AND "KAREN" 
>END 

DOUBLEKAREN DEFINED 

-•-DOUBLEKAREN 

KARENKAREN 



MAY 23 - Jay is trying now to work out his problems with the 
procedure TPL. TPL actually was supposed to triple a number by 
adding. Jay however wrote a word tripler, which was fine. He 
found out by himself that one of his bugs yesterday was his 
failure to specify an input. Today he put that in immediately. 



-•-TPL "TREE" 
TREETREETREE 
-•-TPL "4" 

444 

-•-TPL "TEE" 
TEETEETEE 



May 28 - Steven begsin by reviewing conditionals. He worked out 
the first one himself. Then I suggested that he try - IS /GREEN/ 
/BLUE/. As he was typing it in, he said to me, "I know why you 
want me to try this one. You think I’ll say no because they are 
different letters, but I know they are the same." (In this 
exercise they both name the empty word.) 
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i! Perhaps any of the children could make great progress In LOGO If 

? [f 

r time permitted. The periods seem too short. For the next two 

weeks, I would like to work for half-hour periods with four of 
p the children to see what can be done and how quickly they can 

h move. Even a half-hour Is not much time, but it should help. 



L 

! I 

I f 

“* No dally log was kept for the period May 29 - June 13 . The group 

L was reduced to four children - Ruth Anne, Mary Jaye, Jay, and 

‘j Steven - during these last two weeks. They finished vjorklng 

V through the remaining lessons and spent the rest of the time 

j writing LOGO procedures. For the most part, these followed very 

I closely on the pattern of prescribed models. Thus, given the 

j procedure 

r TO SAYHI 

L 10 PRINT "HI” 

20 SAYHI 

r END 

h whose effect was the endless stream 

L HI 

i HI 

r HI 



{ all of the students were already able to make a (virtually 

• duplicate) procedure for printing some other message. Here Is 

I one of Ruth Anne’s. 

TO SAYRUTH-ANNE 

i 10 PRINT "RUTH-ANNE" 

i 20 SAYRUTH-ANNE 

I END 

Its effect Is to print 

^ RUTH-ANNE 

r RUTH-ANNE 

i RUTH-ANNE 

I / 

^ $ * 

I • • 

^ < 

mm* • • 

I 



..ERJC 
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I 

[' By the end of the course, they all were able to write a single 

1 procedure for printing any specified message c For example, the 

i following prc dure of Jay^s: 

% * 

I 

5 TO SAY /ANYWORD/ 

j 10 PRINT /ANYWORD/ 

I 20 SAY /ANYWORD/ 

I END 



On the last day. Jay used his procedure as follows, 

SAY "GOODBYE MISS BLOOM" 

which generated 

GOODBYE MISS BLOOM 
f GOODBYE MISS BLOOM 

GOODBYE MISS BLOOM 



I Mary Jaye's last procedure, virtually the same as Jay^s, produced 

j this farewell message. 

f I WILL MISS YOU 

I WILL MISS YOU 

! I WILL MISS YOU 

I 



During these last days, simple recursive procedures such as SAY 

and WORKLESS were favorites with all the children. They would 

write them anew, 

-<-TO WORKLESS /ANYWORD/ 

>10 PRINT /ANYWORD/ 

>29 CALL 

thing: butfirst of /anyword/ 

NAME: "NEWWORD 

>30 WORKLESS /NEWWORD/ 

>END 

WORKLESS DEFINED 

and then run them repeatedly. These are relatively small 
printouts ; 
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-WORKLESS **I AM A BOY** 

I AM A BOY 
AM A BOY 
A BOY 
BOY 

-WORKLESS **!#$%«• C )* = <>?•»■ 0CGS** 

! iVS%£* O* = o? + 0CGS 

^S%&* 0* = o? + QC6S 

$%&• (>*.-o? + 0CGS 

%&* C>* = o? + OCGS 

A • 0*:s<>? + Gl6S 

• ()*=<>?+@CGS 

( >* = o? + @CGS 

>*=<>?+@CGS 

♦=<>?+0CGS 

=<>?+@CGS 

<>?+GCGS 

>?+0CGS 

7+0CGS 

+ 0CGS 

@CGS 

CGS 

GS 



they all liked to make big ones 



->AOK.<L.t'.c,S i:h l JKLMN1.)R J w STI i V/ kX Y'^AHCDEF Ah UKL'-'-NO^^ 'ORSTUVWY Y^. 1 R34567«99 

APCIVIFGIII J■•<!J')•\U)i■H;i^'.STU\/WXY^ABCDEFGH^ JKL!'IN0PWKSTUVW.<YZ123^<b67899 

B C D E F G H I J K L >•' N 0 1’-' 0 .'-i S T U V W X Y Z A B C 0 E F G H IJ K L i-iX' 0 P U K' S T U V W X Y Z 1 2 3 5 6 7 S 9 9 
C D E P G H I J 1< L Ma' 0 »•' U K S 1 i J X Y Z B C D LC I-' G /U J K L Miv 0 )•* L* R S T U V WX Y Z 1 2 3 <^i 5 6 7 B 9 9 
D E F G I •{ 1 J K L M ;*J 0 P Q R S 1' U \/ W X Y Z A B C I) E F 6 H IJ K L. MN 0 r-» Q R S T U V W X Y Z 1 2 3 A 5 6 7 8 9 9 



Z ABCDEFGH 1 JKLMK'O POi\ STUV v.'X Y Z 1 23 67B9 '? 

A B C D E F G )■} i J K L M N 0 P Q fi S T J V W X Y Z 1 2 3 A 5 6 7 S 9 9 
BCDEFGHT. JKLMNOPQRSTUVWXYZ 1 23^:567899 
C D E F G H IJ K L 0 P 0 H S T U V WX Y Z 1 2 3 4 b 6 7 8 9 9 



Z1234567S99 

123-^4567899 

234567899 

34567899 

4567899 

567R99 

6 7899 

7899 

899 

99 

9 



pii 



ERIC 



j 
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Within the remaining time span, only one child - Steven - was 
able to use LOGO to go beyond the transliteration of prescribed 
models for simple procedures. On June 4, he started working on 
his own procedure, COUNTDOWN, which was to record the integers 
as they descend to zero (prior to blast-off). He began by writing 



-t-TO COUNTDOWN /ANYNUMBER/ 

>10 PRINT /ANYNUMBER/ 

>20 CALL 

thing: DIFF of /ANYNUMBER/ and /ANYNUMBER/ 

NAME: "NEWNUMBER" 

>30 COUNTDOWN /NEWNUMBER/ 

>8 IS /ANYNUMBER/ /EMPTY/ (He suddenly realized he needed 
>9 IF YES RETURN /EMPTY/ a test for stopping the countdown 
>FND and it had to precede Line 10) 

COUNTDOWN DEFINED 

Then he tried out his procedure. 

-^-COUNTDOWN 5 
5 
0 
0 
0 



Something was wrong. He saw the first bug, a wrong subtraction 
input in Line 20, and he fixed it. 

-f-FDIT COUNTDOWN 
>20 CALL 

thing: DIFF OF /ANYNUMBER/ AND "1" 

NAME: "NEWNUMBER" 

>END 

COUNTDOWN DEFINED 



Then he tried again. 
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-^■COUNTDOWN "7" 
7 
6 
5 
4 
3 
2 
1 
0 

-1 

-2 

-3 



Still something wrong. It continued printing past zero into the 
negative numbers. So he fixed the second bug, by changing the 
stop rule in Line 8, 

-(-EDIT COUNTDOWN 

>8 IS /ANYNUMBER/ "-1" 

>END 

COUNTDOWN DEFINED 

and then tried once more. 

-(-COUNTDOWN "4" 

4 

3 

2 

1 

0 

And it worked! 

His next assignment was to make a procedure for counting down by 
two's. Steven said, "Oh, I know how to do that." Then he wrote 
COUNTDOWN-2 using COUNTDOWN as his model. He changed the 
difference operation correctly (Line 20 ) but he did not change 
the stop rule. 



I 
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TO COUNTDOWN-2 /ANYNUMBER/ 

8 IS /ANYNUMBER/ "-1" 

9 IF YES RETURN /EMPTY/ 

10 PRINT /ANYNUMBER/ 

20 CALL 

thing: difference of /ANYNUMBER/ and "2" 

NAME: "NEWNUMBER" 

30 COUNTDOWN-2 /NEWNUMBER/ 

END 

COUNTDOWN-2 DEFINED 
So, when he ran his COUNTDOWN- 2, 

-(-COUNTDOWN- 2 ”8" 



8 

6 

4 

2 

0 

-2 

-4 



It did not stop at 0. 

He spotted his bug immediately. He started to fix it and then 
said, ’'but, I need to keep the ’one'. I might want to start with 
an odd number." 

-(-EDIT COUNTDOWN-2 

>6 IS /ANYNUMBER/ "2" (Note that he has added a new stop 

>7 IF YES RETURN /EMPTY/ rule in Lines 6 and 7, but he has 
>END kept Lines 8 and 9.) 

COUNTDOWN-2 DEFINED 

-(-COUNTDOWN- 2 ”8" 



8 

6 

4 

2 



0 



(So his program will stop for odd 
as well as even numbers.) 



^COUNTDOWN-2 "7" 



7 

5 

3 

1 



ERLC 
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His next assignment was to count from any given number and 

I ™ 

stop at 20. No faltering this time. 

r 

f ^TO COUNTUP /ANYNUMBER/ 

i >8 IS /ANYNUMBER/ ”21” 

? >9 IF YES RETURN /EMPTY/ 

I >10 PRINT /ANYNUMBER/ 

i >20 CALL 

I THING: SUM OF /ANYNUMBER/ AND ”1” 

! NAME: “NEWNUMBER” 

[ >30 COUNTUP /NEWNUMBER/ 

>END 

COUNTUP DEFINED 






I 



I 

I 



\ 




His first program worked. 

-J-COUNTUP ”15” 

15 

16 

17 

18 

19 

20 

■«- 

Steven saved his countup and countdown programs in a LOGO file. 
Each day when he came to class, he got a copy of his programs 
from the file and ran each of them with new inputs. Then he 
worked on some new variations. For example, he wrote a procedure 
for counting down by threes, and a procedure for counting up to 
numbers larger than 20. 



His last assignment, on June 13, was to write a procedure for 
counting down from any given number to any given lower number. 
He went right to it. 

'‘-TO COUNTDOWN /ANYNUMBER/ AND /LOWNUMBER/ 

>8 IS /ANYNUMBER/ /LOWNUMBER/ 

>9 IF YES RETURN /EMPTY/ 

>10 PRINT /ANYNUMBER/ 

>20 CALL 

THING: DIFFERENCE OF /ANYNUMBER/ AND 1 

name: “NEWNUMBER” 

>30 COUNTDOWN /NEWNUMBER/ AND /LOWNUMBER/ 

END 



- 65 - 



Report No. I889 



Bolt Beranek and Newman Inc. 



It looked right. 

-^-COUNTDOWN "12" "7" 
12 
11 
10 
9 
8 



But, it stopped a little too soon! 

The stop rule had to be changed, but that was easy. 
-<-EDIT COUNTDOWN 

>8 IS /ANYNUMBER/ DIFF OF /LOWNUMBER/ AND 1 
>END 

COUNTDOWN DEFINED 

Now it would work, 

-^-COUNTDOWN "12" "7" 

12 

11 

10 

9 

8 

7 



- even with negative numbers! 

-^-COUNTDOWN "6" "-3" 

6 

5 

4 

3 

2 

1 

-1 

-2 

-3 



At this point, his work ended. That's all there was time for 
him to do. 
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3.3 The Lesson Materials 

p 

I The children’s time in the course was mainly spent on v/orking 

( through a series of about twenty lessons programmed in LOGO. 

i 

j This section contains printouts of children's interactions with 

i each of these lesson programs. These typescripts have been 

I included in the report not merely for historical recording and 

I 

f documentation of the work but because they give very specific 

insights into the problems of teaching, and the experience of 

j learning, a formal language through a somewhat open-ended 

1' 

I mechanical presentation. The proscriptive parts of the material 

I incorporate a great number of problems "to make" as well as 

j questions "to answer". Also, the later lessons require the 

[ ■ children to write procedures on their own. Thus these lesson 

Interactions reveal something about the children, as well as 
[ the teacher. 

I The content treated in the lessons is summarized as follows. 

f 

j LESSON ONE. The command PRINT used with a literal 

LESSON TWO. The operation WORD used with the PRINT command. 

LESSON THREE. The operation SENTENCE used with the PRINT command 

; LESSON POUR. The two operations FIRST and LAST as applied to 

i words and sentences. 

f 

LESSON FIVE. The two operations BUTPIRST and BUTLAST as applied 
I to words and sentences. 

j LESSON MESSAGE. A secret message is decoded by exercising 

[ the operations introduced in the previous lessons. 

LESSON SIX. The CALL command: LOGO things and names. Practice 

in naming and the use of names. 
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LESSON SEVEN (TEACH-THE-COMPUTER) . The command TO. Writing and 
performing some simple procedures. 

LESSON EIGHT (EXPLAIN). Debugging six simple procedures. 

LESSON NINE. The operations COUNT, SUM, and DIFFERENCE reviewed. 
(These operations were first taught orally during some 
earlier periods at the terminal.) 

LESSON TEN. A review of FIRST, LAST, BUTFIRST, BUTLAST, and 
WORD. The answers are used to spell out another secret 
message . 

LESSON ELEVEN. Debugging practice with some pattern drawing 
procedures . 

LESSON TWELVE. Going from a procedure for doubling a specific 
word to a general doubling procedure which can take any 
word as its input. 

REVIEW-1. Practice in simulating the operation of a procedure. 

LESSON THIRTEEN (USEINPUT) . Extending the number of inputs of 
procedures . 

LESSON FOURTEEN. Writing a procedure as a command, and as an 
operation. 

LESSON FIFTEEN. Eleven procedures illustrating strange and 
funny inputs. 

LESSON SIXTEEN. Practice in writing procedures. The effects of 
several procedures are described in succession and sample 
printed results are shown for each. The student attempts 
to write each of the procedures. 

LESSON SEVENTEEN. Practice with the identity operation IS. 

LESSON EIGHTEEN. Writing a general recursive procedure. 
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The interactions are easy to read through. We have underscored 
all of the children’s typing to distinguish it from the 
computer’s, and have incorporated occasional expository comments 
(in parentheses) particularly in the later lessons. 

These lessons were written in LOGO, The LOGO programs for Lesson 
ONE and Lesson EIGHTEEN, the first and last in the series, are 
reproduced and discussed at the end of this section. 



-LESSOiMl 



IN THIS LESSON THERE ARE SOME LINES TO READ* THE COyiPUTER TYPES VERY 
FAST. IT UILL STOP E'/ERY SO OFTEN SO THAT YiJU KILL HAV/E TIME TO READ. 
'iiEN YOU KANT IT TO GO ON# PRESS THE RETURN KEY. 3 

THI'^ NARK a MEANS THAT THE COMPUTER HAS MORE TO TELL YOU. PRESS THE 
RETURN KEY I- HEN YOU ARE READY TO READ IT. (? 

THE COMPUTER UNDERSTANDS SOME SPECIAL COMMANDS. THE FIRST ONE WE KILL 
TALK ABOUT IS -- PRINT. 0 



LET’S TELL THE COMPUTER TO PRINT A KORO. I 
P F.‘ESS THE RETURN KEY WHEN I AM FINISHED. 



I* ILL TYPE THE COMMAND. YOU 



PkINT ’'CABBAGE*' 
CABBAGE 



NOW LET’S TELL THE COMPUTER TO PRINT A SENTENCE. 
•r€Y THIS TIME TOO. 



YOU PRESS THE RETURN 



P'^INT ”00 YOU LIKE THE BEATLES?” 
DO YOi.) LIKE THE BEATLES? 



NOTICE THAT THERE WERE 'QUOTATION C ") 
COMPUTER WAS ASKED TO PRINT. 0 



MARKS AROUND THE EXACT KORDS THE 



NOW TRY TO MAKE THE COMPUTER: PRINT SFiME OF YOUR OWN THINGS, 

DON’T WORRY ABOUT MAKING MISTAKES! KE ALL DO IT! THE COMPl'TER RILL TRY 
TO HELP YOU BY EXPLAINING WHAT WENT WRONG, da 



HAVE FUN! 












^ — 
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-LESSUN2 



REMEMBER -- THE MARK @ MEANS THAT I AM WAITING FOR YOU TO PRESS THE 
FETURN KEY. @ 



AFTER YOU LEARN TO USE LOGO# YOU WILL BE ABLE TO TEACH THE C0MP(JTER TO 
II) NEW THINGS. © 

YOU WILL TEACH THE COMPUTER TO DO SOMETHING NEW BY WRITING A PROCEDURE. 



A PROCEDURE IS LIKE A RECIPE. IT HAS ALL THE INGREDIENTS AND DIRECTIONS 
IN IT TO MAKE SOMETHING. @ 

A FEW PROCEDURES ARE ALREADY BUILT INTO LOGO. WE WILL TALK ABOUT THESE 
ffiFORE WE TALK ABOUT PROCEDURES THAT YOU WILL WRITE. © 

THE PROCEDURE WE WILL LEARN ABOUT IN THIS LESSON IS CALLED -- WORD. 
LETVS SEE WHAT IT DOES. © 

TYPE THESE WORDS -- PRINT WORD OF "UP" AND "DOWN" 

*P!i|i^_WORD OF "UP" AND "DOWN" 

UPDOWN "■ “ 

HERE IS ANOTHER EXAMPLE OF WHAT -- WORD -- DOES. 

TYPE THIS; PRINT WORD OF "TREE" AND "TOP" 

SPRINT WORD OF "TRJj^" AND "TOP" 

TREETOP 

NOW LET’S SEE HOW GOOD A COMPUTER YOU WOULD BE. © 

WHEN YOU SEE THE ARROW# TYPE -- PRACTICE. 

«• 

-PR ACTICE 

PRETEND YOU ARE THE COMPUTER. I WILL TYPE AN INSTRUCTION. YOU TYrF IN 
THE ANSWER THE COMPUTER WOULD GIV/E. 0 

PRINT WORD OF "LA" AND "LA" 

*k^JLA 

GREAT! LET’S GO ON TO THE NEXT ONE. 0 
PRINT WORD OF "123" AND "4" 

BRAVO*! ON TO THE NEXT ONE! @ 
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